The vomeronasal organ, a sensory structure within the olfactory system, detects chemical signals that affect social and sexual behaviors and that elicit responses to predator odors. A recent study demonstrates that innate avoidance of sick conspecifics requires an intact vomeronasal organ, expanding the repertoire of biological functions known to be mediated by this olfactory subsystem.
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Odors have the ability to evoke vivid memories and intense emotions, to warn us of danger, and to enrich the health and quality of our lives. However, the human olfactory system is no match for the sensitivity and versatility of the noses of other vertebrates. These limitations are highlighted by our increasing dependence on dogs and other animals to sniff out life threatening explosives, illegal contraband, and even missing and injured people. Rodents such as rats and mice interact with the world, and with each other, in ways that are difficult for humans to imagine. Identifying kin or potential mates based on their emitted odors, or judging which foods are safe to eat by smelling the breath of conspecifics are not common human experiences, but are routine for mice and rats.
A remarkable example of chemical communication is the detection and innate avoidance of sick and infected conspecifics using olfactory cues. The neural basis for this behavior and which olfactory subsystems carry such information are not known. A new study by Boillat et al. [1] reported in a recent issue of Current Biology provides definitive evidence that the avoidance of sick conspecifics in mice requires normal function of the vomeronasal organ, which is best known for its role in detecting pheromones and predator-derived chemical signals in rodents.
Despite the many benefits of social behaviors, close interactions among conspecifics present a major drawback, namely the increased transmission of parasites and pathogenic infections [2, 3] . Animals have evolved a variety of mechanisms to cope with increased contagion while still maintaining social interactions [4] . The tension between social behavior and contagion has been studied extensively and in multiple contexts in rodents. For example, health status is a major factor in mate selection, resulting in females preferentially choosing healthy males [2, 5] . More generally, both male and female rodents show aversive behaviors towards sick conspecifics, and odors derived from sick individuals [2, 6] . Various sensory cues are used to assess health status, but recent work has placed olfactory cues center stage in this process [2, 5] . The work by Boillat and colleagues extends our understanding of this process by identifying a specific olfactory subsystem that is necessary for sick conspecific avoidance -an important step on the path towards uncovering the molecular and neural bases for the behavior.
The study by Boillat et al. confirms that mice avoid interacting with sick individuals using a well-established model in which healthy mice are injected with lipopolysaccharide (LPS) -a bacterial endotoxin that elicits an immune response and produces many of the physiological effects of a bacterial infection [6] . Using two behavioral assays, the investigators showed that mice preferred to interact with control conspecifics, and avoided sick ones. Behavioral avoidance was also seen using only the urine of sick mice, rather than the entire animal. These data confirm previous studies showing that the response to sick conspecifics can be induced by olfactory cues that are present in urine [2] .
While humans perceive the chemical world through a single olfactory organ, the main olfactory epithelium, mice have three other olfactory organs [7] -the septal organ, the Grueneberg ganglion, and the vomeronasal organ, a sensory epithelium in a blind pouch at the base of the nasal septum. Sensory neurons in these structures project to different parts of the olfactory bulb (the first processing center for olfactory information) and are thought to serve distinct functions. Which system is required for sick conspecific avoidance? The vomeronasal system is found broadly in tetrapods and serves a variety of functions [8] , including sensing chemical stimuli that elicit innate behaviors [9] . Based on these observations, Boillat et al. reasoned that the vomeronasal system might mediate sick conspecific avoidance. In fact, they show that odors from sick animals activate neurons in the vomeronasal pathway. Vomeronasal sensory neurons project to second order neurons in the accessory olfactory bulb. By examining the expression of the immediate early gene c-fos (a proxy for neuronal activity), the authors showed that urine from LPS-exposed mice elicited significantly more activity in the accessory olfactory bulb than did control urine.
To test whether vomeronasal function is required for sick conspecific avoidance, the authors used a combination of genetic and surgical manipulations. First, they used mice lacking the ion channel Trpc2 [10] . Trpc2 knockout mice show abnormal vomeronasal sensory transduction and behavioral phenotypes [10, 11] , though some functions are spared [12] . Strikingly, Boillat and colleagues found that Trpc2 knockout mice fail to distinguish between healthy and sick conspecifics, and do not avoid urinary cues from sick mice.
Interpreting the effects of the Trpc2 knockout presents some issues. Because the gene is non-functional throughout the body and during development, behavioral differences could result from effects on neural circuit formation or effects outside of the vomeronasal system. For instance, Trpc2 is expressed in two subpopulations of neurons in the main olfactory system [13] . Boillat and colleagues addressed these issues by showing that surgically removing the vomeronasal organ abolishes sick conspecific avoidance, as observed in Trpc2 knockout mice. Both manipulations together support the assertion that vomeronasal function is required for innate avoidance of sick conspecifics. Interestingly, the investigators also show that vomeronasal function is required for aversion to mice infected with a naturally occurring pathogen, mouse hepatitis virus. This is important because it demonstrates that very different pathogenic agents (bacterial vs. viral) elicit the same behavior through the same sensory pathway.
There are several outstanding questions raised by this study. First, what chemical signals activate the vomeronasal pathway to elicit innate aversion? The authors note that there are at least two scenarios by which aversive cues might arise in infected mice. In one view, chemicals from the pathogens themselves (e.g., components of bacterial surface proteins or viral capsids) may serve as aversive cues. In this model, the vomeronasal system would require receptors to detect a diverse array of chemical signatures from the vast repertoire of potential pathogenic agents. An alternative view is that physiological changes or immune responses to pathogenic infection may give rise to aversive chemicals [6] . In this model, the vomeronasal system would only require receptors for one or a limited set of endogenously derived chemical cues.
Boillat and colleagues tested the hypothesis that aversive odor cues are produced by one such physiological change, illness-induced stress. However, the authors find that LPS-treated mice do not show neuroendocrine signs of stress, though this has been seen in other studies [6, 14] . Moreover, the urine of stressed mice did not elicit aversion in conspecifics. These findings are consistent with the idea that production of aversive cues in sick conspecifics does not require a stress response [6] . However, the aversive chemical signature may be produced by other hormonal or physiological changes related to infection [6] .
A second unresolved question is the identity of the chemosensory receptors that are activated by sick conspecific odors. Vomeronasal sensory neurons express three classes of chemosensory G-protein coupled receptors: the canonical vomeronasal receptors, V1Rs and V2Rs, and members of the formyl peptide receptor (FPR) family [15, 16] . The FPRs respond to N-formyl peptides and a variety of host-and pathogen-derived compounds that are associated with an immune response [17] . One intriguing hypothesis is that chemical cues produced as part of an immune response or from cellular damage may elicit aversion by activating FPR-expressing sensory neurons. Testing this hypothesis will require inactivating the olfactory FPR genes -a feasible goal in this age of gene targeting and genome editing methods.
While Boillat and colleagues provide evidence that the vomeronasal system is required for sick conspecific avoidance, it is unclear whether it is sufficient. For example, vomeronasal-mediated aversion of sick conspecifics may require main olfactory pathway activation. A similar cooperation between the two systems underlies the ability of a pheromone to trigger female attraction towards the scent of specific individual males [18] .
When it comes to sizing up the health status of another person, humans are more likely to scrutinize behavior and physical presentation (or resort to the use of a thermometer) than to rely on the sense of smell. More broadly, humans are thought to mitigate the social risk of contagion using modified social behaviors rather than olfactory information. The inclination towards in-group interactions, territoriality, and hostility towards unfamiliar out-groups have been proposed to defend against the introduction and spread of novel pathogenic infections [19] . However, recent work indicates that humans can, in fact, distinguish the body odors of well vs. sick (LPS-exposed) people, with the latter being more aversive [20] . This intriguing ability is most likely mediated by the main olfactory pathway since adult humans do not have a functional vomeronasal organ [8, 9] . Given the conclusions of Boillat et al., further work will be required to clarify the differences and commonalities between the mechanisms of sick conspecific avoidance in mice and humans. One thing is clear. While we may not routinely use them, humans may share more latent olfactory abilities with our rodent cousins than is widely appreciated.
Blindsight: Post-natal Potential of a Transient Pulvinar Pathway
More vision is preserved after removal of primary visual cortex in infant than adult primates. A recent study suggests that this is due to the preservation of a retina-to-pulvinar-to-cortex pathway that normally regresses during development.
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In primates, but not necessarily all mammals (for example [1] ), lesions of primary visual cortex (V1) have such a devastating impact on vision that the result has been called cortical blindness (for example [2] ). Yet, careful testing has demonstrated that some visual abilities remain in both humans and monkeys [3, 4] . However, awareness of visual stimuli in cortically blind hemifields or regions may be absent while reactions to the stimuli are preserved, hence the common use of the contradictory term 'blindsight'. Furthermore, a greater preservation of vision, including conscious vision, may occur after V1 lesions early in postnatal life [4] [5] [6] . As V1 is thought to be responsible, directly or indirectly, for activating much of visual cortex in primates, there has been considerable interest in determining the subcortical pathways to extrastriate visual cortex that are responsible for the cortically dependent visual abilities that have been preserved after a V1-inactivating lesion.
Most investigators have argued that the retained abilities are mediated by retinal inputs to the superior colliculus that then relay to the visual pulvinar, and then to visual areas outside of V1, principally the middle temporal visual area MT (for example [3, 4] ). Other investigators have proposed that cortical vision after a V1 lesion depends on a subset of preserved neurons in the otherwise degenerated lateral geniculate nucleus (LGN) that project beyond V1 [7] , or even on small parts of V1 that sometimes remain (for example [8] ). The reasons why more vision is preserved in monkeys and humans with lesions of V1 in the developing brain have been unclear, but early lesions may result in faster and more complete degeneration of some structures and pathways, the enhancement of others, and the formation of new pathways [6] . A paper by Warner et al. [9] in this issue of Current Biology presents multiple types of evidence that a small nucleus in the inferior pulvinar plays a central role in the greater preservation of cortical vision after V1 lesions in developing, compared to mature, primates.
The medial nucleus of the inferior pulvinar (PIm) receives some input directly from the retina and projects to middle-temporal cortex (area MT). Warner et al. [9] demonstrate that, after early removal of V1 in marmosets (small monkeys), projections of the retina to PIm, and of PIm to MT are enhanced, leading to more direct and more effective activation of area MT (Figure 1 ) by the pulvinar and better cortical vision than adults with V1 lesions. As area MT distributes information mainly to the dorsal stream of visual cortical processing [10] , this could explain why visual guidance for reaching, locomotion, and other actions is better preserved after V1 lesions than conscious perception.
The more traditional explanation for preserved vision across species after V1 lesions invokes the pathway from the superior colliculus to the pulvinar to temporal cortex. For primates, the target of this superior colliculus to pulvinar to cortex relay is usually stated as area MT, and there is both physiological [11] and anatomical [12] evidence for such a relay. Nevertheless, the relevant activating inputs to the inferior pulvinar from the superior colliculus largely avoid the proposed relay nucleus, PIm, which projects to area MT [10] . Instead, the superior colliculus projects mainly to nuclei just posterior (IPp) and medial (IPcm) to PIm [13] , and these nuclei relay to cortex in the immediate surround of area MT. A central role for the superior colliculus, PIm and MT in blindsight would seem to be muted by the predominance of superior colliculus projections to other nuclei than PIm in normal primates, and indeed the responses of neurons to visual stimuli are severely weakened or eliminated by V1 lesions or deactivation in adult primates (for example [14, 15] ). Yet, the superior colliculus seems to be important in the remaining responsiveness of MT neurons after V1 lesions, as a further lesion of the superior colliculus eliminates all visual responses [16] .
